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Abstract
SCC (Stress Corrosion Crack) is a key issue in the nuclear industry of piping section. When welding the pipe, heat 
input occurs to the trend of thermal stress. And heat input affected residual stress to the pipe. In this study, the effect 
of residual stress for the SCC in the piping was determined. Experimental method is four kinds of specimens (1 pass, 
5 pass, 10 pass, 15 pass) are produced to SCC. ANSYS code analyze the temperature gradient for the specimen. 
Using the temperature gradient analyzed to the residual stress in the pipe. According to this result, ascertain the effect 
of residual stress to SCC
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1. Introduction
Recently, Stress Corrosion Crack (SCC) accident has sometimes occurred by being caused welding 
residual stress in nuclear power plant. Therefore, the soundness maintenance of nuclear power plant’s
welding area arise the major issue in many interests. Excessive welding repair makes a high tensile 
residual stress, and it makes primary water stress corrosion in VC summer nuclear plant
The occurrence of PWSCC and welding residual stress is regarded as a major factor. In this study, to 
produce the stress corrosion cracks of pipes, an artificial SCC is made in STS 304 with reproduced 
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operation environments that are over 350ÛC and 180bar in the nuclear power plants primary systems. And 
the number of welding pass is selected to find residual stress’s effect.
2. Experimental conditions for SCC
2.1. Material (STS 304 pipe)
The test material is STS 304 seamless piping as used in the nuclear power plant. Table 2.1 and Table 
2.2 shown chemical compositions and mechanical properties of piping
Table 2.1 Chemical composition of specimen
Element Material C Mn S Si Ni Cr
Composition STS 304 0.08 2.0 0.03 0.75 8.00 18.00
Table 2.2 Mechanical properties of specimen
Temp. 30 200 400 600 800 1000 unit
Specific heat 0.114 0.119 0.123 0.131 0.143 0.150 cal/g-k
Poisson˅s ratio 0.290 0.304 0.321 0.337 0.354 0.362 -
Young's modulus 197227.1 182054.5 164204.461 146354.401 128504.3 119592.7 MPa
Thermal expansion 1.63E-05 1.63E-05 1.6282E-05 1.6282E-05 1.63E-05 1.63E-05 1/c
thermal conductivity 0.037 0.049 0.062 0.076 0.089 0.098 cal/s-cm-k
thermal conductivity 15.427 20.298 26.027 31.75729465 37.48713 41.121 w/M-C
Yield strength 258.608 169.209 125.321 113.0189 91.448 88.350 MPa
Outer diameter of specimen is 89.1mm, thickness is 7.6mm, and length is 150mm. Four specimens has a 
variation in the number of welding pass (1~15). Welding is performed by TIG in the center of pipe inner 
surface. And its length is 70mm. Table 3.3 shows the welding conditions.
Table 3.3 Welding condition

2.2. The composition of SCC equipments
SCC equipment is comprised of the induction heater for heating the specimen, the flange for fixing 
specimens, thermocouple and controller to control inner temperature and pressure of specimen. Set the 
temperature of specimen. When temperature and inner pressure of specimen reach setting value, induction 
heater is controlled by I/O terminal board. This system is designed to maintain temperature range 340Û&a
Process GTAW
Current 90A, 120A
Voltage 21V
Welding Speed 30cm/min
Shielding Gas Ar
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380Û&DQGLQQHUSUHVVXUHEDUaEDU7KH&RUURVLRQatmosphere is strong alkalinity atmosphere, PH 
13.8. Etching solution is 2M NaOH and 1M Na2SO4
G
Fig. 3.1 Diagram of SCC forming equipmen
3. Analysis of welding residual stress
3.1. The process of residual stress analysis
In this study, 3-D FEM (Finite Element Method) analysis model is designed about STS 304 pipe, and 
performed heat transfer analysis and residual stress analysis. For FEM heat transfer analysis, the analysis 
step is separated to pass gradually two processes of heating and cooling according to each pass, by 
applying thermal properties and initial temperature conditions of melting bead. For stress analysis, 
welding residual variation is expected regarding to mechanical properties depending on temperature and 
geometrical constraints, using temperature variation obtained heat transfer analysis boundary conditions.
3.2. The modeling and method of welding procedure analysis 
The commercial code ANSYS 12 was used for the nonlinear heat transfer analysis and stress analysis.
Fig 3.2 shows 3-D FEM meshed model of piping. Element type is selected for 70, 3-D thermal solid 
model and 45, 3-D Structural solid model.
Fig. 3.2 Meshed model of piping
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The number of node is 14904, and the number of elements is 12558. Heat transfer by conduction is 
considered at the specimen adjoining atmosphere in thermal boundary conditions. Melting bead initial 
temperature applies melting point, 1400ĽC. It is assumed that increased temperature of bead according to 
pass increment. Heating time is considered as dividing welding velocity by the number of element.
Cooling time applies 10 min as actual cooling time. Heat input is modified to meet boundary temperature 
conditions of welding area and the base metal after volume energy per minute is calculated. The 
temperature variation for time obtained by heat transfer analysis applies for input data, uses boundary 
conditions to residual stress analysis of pipes. Analysis method is Bilinear kinematic hardening using von 
Mises or hill plasticity. Fig 3.3 shows thermal properties of Bilinear kinematic hardening for STS 304.
Fig. 3.3 Bilinear kinematic hardening table for STS 304
3.3. Welding residual stress analysis
In general, heat transfer characteristics and welded heat input affects a lot of the welding residual
stress. In this study, test specimens of pass welding (1, 5, 10, 12, 15) were prepared. Axial tension 
residual stress is increase according to increasing of welding pass. (Fig. 3.4) And same tendency can be 
found in circumferential maximum tensile stress (Fig 3.5)
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Fig 3.4 Axial Residual Stress Distibution                                Fig 3.5 Hoop Residual Stress Distibution
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4. Experimental data
4.1. Fig. 4.1 is temperature and pressure graph of S3 specimen when SCC making. Through-wall crack 
occurred at 4h 54min, and pipe pressure dropped during steam in pipe went out to outside. Through visual 
inspection, through-wall crack occurred on the weld around the top. Fig. 4.2 shows that crack captured 
picture by optical microscope after cutting the top. Branch type typical characteristic of the SCC 
confirmed that Fig. 4.2 

Fig 4.1 Temperature and pressure in STS 304 piping
Fig 4.2 OM fractography of STS 304 at poing of cutting (u12.5)
4.2. Table 4.1 shows relationship of between number of welding pass and SCC generation time. 
Corrosion atmosphere, heating temperature, weld length, such as all the experimental conditions is the 
same. So it was judged that difference of through-wall crack time is effects of residual stress. Increasing 
of residual stress in inner surface according to welding pass increase is confirmed by above FEM analysis.
Table 4.1 Time and Pressure table of SCC Generation
Specimen No. Pass Through-wall crack  time (min) Inner pressure, max
W1 1 787 192
W2 5 646 120
W3 10 132 127
W4 12 323 144
W5 15 294 157
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W1 (1 pass) specimen passed 787 minutes until occurred through-wall crack, W3 (10 pass) specimen 
passed 132 minutes until occurred through-wall crack. When W4 (12 pass), W5 (15 pass) specimens 
compared to the W3 (10 pass), through-wall crack time has increased, but compared to the W1 (1 pass),
through-wall crack time was reduced, approximately 450 minutes. Depending on result of this experiment,
increasing of the number of welding pass decreased SCC generation time.
5. Conclusion and Discussion
In this study, stress corrosion appeared 1st cooling system of actual nuclear power plant simulated in 
nuclear piping, and SCC crack of STS 304 were characterized. Using ANSYS, the number of welding 
pass identify the tendency of the welding residual stress. It was confirmed that residual stress acts as a 
dominant factor to the generation and growth of SCC
5.1. It has confirmed that increasing the number of weld pass will increase the value of tension residual 
stress by the FEM analysis. Depending on the tendency of analysis result, Penetrating time was shorter in 
the actual experiment. 
5.2. Increasing the number of weld pass, SCC occurred within a shorter crack time in this study. It was 
considered that welding residual stress is direct factor of generation and growth of SCC. 
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